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Abstract 

As previously shown BRST singlets \s) in a BRST quantization of general gauge 
theories on inner product spaces may be represented in the form 

\s) =el Q '%) 

where \<p) is either a trivially BRST invariant state which only depends on the matter 
variables, or a solution of a Dirac quantization, ip is a corresponding fermionic gauge 
fixing operator. In this paper it is shown that the time evolution is determined by the 
singlet states of the corresponding reparametrization invariant theory. The general 
case when the constraints and Hamiltonians may have explicit time dependence is 
treated. 
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1 Introduction. 



In BRST quantization of general gauge theories on inner product spaces the BRST singlets, 
|s), are BRST invariant states that describe the true physical degrees of freedom and 
represent the BRST cohomology (|s) G KerQ/ImQ) jl]]. By means of a generalized quartet 
mechanism a simple general representation of the BRST singlets for general gauge theories 
with finite number of degrees of freedom was obtained in [||. (For Lie group theories 
corresponding gauge invariant states were previously obtained by means of a bigrading in 
II f|.) The representation is 

|«) = e W.%) (1.1) 

where Q is the hermitian nilpotent BRST operator in BFV form [g, g], ij) a hermitian 
fermionic gauge fixing operator, and \<j>) BRST invariant states determined by a hermitian 
set of operators which are BRST doublets in involution. \<j)) does not belong to an inner 
product space although \s) does. Since the BRST quartets of operators may always be 
split into two sets of hermitian BRST doublets there are at least two dual choices for \<f>) 
and the corresponding ip. For general, both irreducible and reducible, gauge theories of 
arbitrary rank within the BFV formulation it was found in Q that there always exist 
solutions such that \4>) are trivial BRST invariant states which only depend on the matter 
variables for one set of BRST doublets. For the complementary set of BRST doublets 
in the BRST quartets \(j>) must be solutions of a Dirac quantization (which not always 
exist). At the end of ||] some aspects that needed further clarifications was pointed out 
like e.g. the exact connection to the coBRST formulation and the freedom in the choice 
of gauge fixing fermions, as well as the question of how the time evolution in terms of a 
nontrivial Hamiltonian should be defined. The first aspects were clarified in ref.Q. The 
second aspect is the subject of the present paper. 

As in |8| it is natural to expect the time evolution to be given by 

\s,t) = e itHo \s) (1.2) 

in the case when Hq is a BRST invariant Hamiltonian ([Q,Hq] = 0) with no explicit time 
dependence. On the other hand one could equally well have 

\<j>,t)=j tH °\<j>), \s,t) = e^%t) (1.3) 



which is not the same as ( |1.2| ) if Hq does not commute with [Q,ip]. In M eq.([1.2j) was 
assumed together with 

[H Q ,[Q,i>]}=0 (1.4) 



which makes (F2) and (£b3|) equivalent. In this case one could bring the representation 
( |l~l| ) in contact with the standard path integral formulation in phase space as formulated 
m§. 

In this paper we shall determine the time evolution of states of the for m fll.lD for the 
general case when the Hamiltonian and the gauge fixing fermions ip in (|1.1| ) also may 
have explicit time dependence. This we shall do without invoking any new ingredients 
of the BRST quantization as formulated in ||. What we shall do is to make use of 
a well-known trick how to make any theory reparametrization invariant. The resulting 
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reparametrization invariant theory has then no non-trivial Hamiltonian. Instead it has a 
new constraint which involves the original Hamiltonian. The method of may therefore 
be directly applied to this extended formulation and at the end we may interpret the 
resulting BRST singlets as the time dependent singlets of the original theory by means of 
an appropriate gauge choice. In section 2 we define what we mean by the corresponding 
reparametrization invariant theory and determines its BRST charge operator. In section 
3 we apply the rules of @ to this extended formulation and discuss how the gauge fixing 
should be performed in order for the result to be interpretable as the time evolution of the 
original theory. In section 4 we describe how the formulation looks in the corresponding 
path integral formulation. In section 5 the simple example of a general regular theory is 
treated and in section 6 we give the conclusion. 



2 Extended formulation 

A general gauge theory with finite number of degrees of freedom may be given in terms of 
the phase space Lagrangian (i = 1, . . . , n; a = 1, . . . , m < n) 

L {t)= Pi q i -H-v a <f> a (2.1) 

where v a are Lagrange multipliers and $ Q first class constraints. In distinction to the 
treatment in ref.|Qj H and $ a are here allowed to depend on time t explicitly. (Such gauge 
theories have been treated in ||, [n|.) We shall now make use of the fact that the gauge 
theory (O) may be embedded in a larger gauge theory described by the Lagrangian 



L(t) = PiC? + ni - v(ir + H + v a $ a ) (2.2) 
where we have promoted time i to a dynamical variable t(r) with tt as its conjugate 



momentum. (In eq^^) dots represent differentiation with respect to the parameter r!) 



This is a well known trick how to make a theory reparametrization invariant (see e.g. the 



books [|10|, |ll|). Equivalence between (|2.l|) and (|2.2|) requires v = dt/dr. We shall require 
t and r to be in a one-to-one correspondence which demands the condition v > or v < 
on the Lagrange multiplier v. (A natural way to satisfy this condition is to replace v by 



e u where to is unrestricted.) The Lagrangian ( |2.2| ) gives rise to the constraints 

tt + H = 0, $ a = (2.3) 



which we require to be of first class so that v and v a in (2.2) are independent variables. 



Since H and & a do not depend on tt, the Poisson algebra of the constraints ( |2.3j ) becomes 

= cJ* 7J {* a ,* + H} = cJ i $p (2.4) 

where the last condition corresponds to Dirac's consistency conditions for the original 
theory. 

We turn now to the BRST quantization of the these models. Following the BFV 
prescription for the nilpotent BRST charge (see 0) we find the following expression for 
the model (^2|) 

Q = Q + C(tt + H ) + Vtx v (2.5) 
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where ir v is the conjugate momentum to v, C a fermionic ghost variable and P conju- 
gate momentum to the corresponding fermionic antighost C. Their fundamental nonzero 
(graded) commutators are 

[C,V] = 1, [C,P] = l [t,n]=i, [v,7r v ]=i (2.6) 

Qq and Hq are the BFV-BRST charge and BFV Hamiltonian for the model ( |2.1| ). Qq and 
Hq are independent of it, v, tt v , C, V, C and P. Since Q 2 = they satisfy (cf.||]) 

Ql = 0, [Qo,tt + H } = (2.7) 

For instance, in the irreducible case their forms are 

Qq = C a $ a + P a TT a + terms depending on V a 

Hq = H + terms depending on C a and V a (2.8) 

where we have introduced the ghosts and antighosts C a , C a and their conjugate momenta 
Va, V a ' . ir a are the conjugate momenta to the Lagrange multipliers v a . All variables are 
hermitian and their fundamental nonzero (graded) commutators are (we assume here for 
simplicity that C a , C a , V a , V a are fermionic and ir a , v a , $ a bosonic) 

[q i ,p j ]=iS i j , [v a ,7r p ] = i5^ [C a ,Vp] = S%, [C a ,V p ] = 8i (2.9) 

We have of course the usual ghost grading such that C, P, C a , P a , Q, Qq have ghost num- 
ber one, C, V, C a , V a have ghost number minus one, while (q l , pj) (v, ir v ) (t, n) (v a , ixp) 
and Hq have ghost number zero. The last conditions imply that the ghost number operator 

N = C a V a - C a P a +CV-CV (2.10) 

is conserved, i.e. [N, ir + Hq] = [N, Hq] = 0. 



3 Time evolution as BRST singlets of the extended formu- 
lation 

It is now straight-forward to apply the method of ref.|0] to the above BRST theory of the 



extended formulation (2^2) of the general gauge theory (2.1). This implies that the BRST 



singlet states may be chosen to have the form (1.1). For the irreducible case (2.8) we have 
the two expressions 



e [CWl] |0)i, \s) 2 = e [QM 



(3.1) 



where |0)i2 satisfy 



X \<Ph 



c a \ 



c a \ 



K a \<t>)l = 



(3.2) 



X(t)|^)l=C|0>l=C|0)l=7T«| 



(3.3) 



A a (vP)\<p) 2 = P c 



2 = r«\<Ph 



a 9 2 



(3.4) 



A(v)\<f>) 2 = P\4>) 2 = V\4>) 2 = (vr + H )\cf>) 2 = 



(3.5) 



where the hermitian operators x a i x(*)> A a (v@), and A(v) are gauge fixing operators to 
[Qi'Pa], 7T + -f^O; ^cn an d ^ respectively. xWj A a (v@), and A(u) should therefore be such 
that the first conditions in (|3.3| ) -( |3J5l) fix t, v a , and v uniquely. In particular they must 
satisfy d v A ^ 0, dtx 7^ and det<9 Q A^ ^ where d a = d/dv a . (The most natural choice 
is of course = t, A a {v@) = v a , and A(v) = v.) The gauge fixing fermions 2 in (3.1 ) 
may then always be chosen to be |0| 

ip 1 =ipoi+VA(v), V2 = ^02+Cx(i) (3.6) 

where 

V>oi = 7WV), Vo2 = 4x Q (3.7) 

are the natural gauge fixing fermions for Qo- For this choice we find 

[Q, ^] = [Q , rp 01 ] + C[vr + H ,^ 01 ] + A(v)(tt + flb) - iA»7>7> 

[Q, ^] = [Go, ^02] + C[vr + £T , ^02] + KvX(t) - ix(t)CC (3.8) 



where A'(v) = d v A(v) and x(t) = dtx{t)- The resulting BRST singlets ( |3.1[) do then 
represent the general time dependent BRST singlets of the original BRST theory of Q2.1| ). 
In particular one may notice that \4>) 2 always satisfy the Schrodinger equation due to the 



last condition in ( |3.5| ). In the general reducible or irreducible case (3.2), (|3.4| ) and (j^ 
are replaced by the more general expressions given in ref.H. (The last condition in ( p~ 
may be replaced by [Qo,T' a ]\4>)2 = since Hq only depends on C a in terms like t^C a Vp. 
Such reductions are always valid.) 



The time evolution of |s)i and \s) 2 in ( |3.1| ) are determined by the following subset of 
the conditions in (|3.2| )- (|3.5D 

X{t)W = A(u)|0) 2 = (3.9) 



7T„ 



|0>i = (vr + ^0)^)2 =0 
The conditions ( |3.9| ) in ( |3.1|) imply 

X (t-»A(«))|s>i = A(v - i X (t))\s)i 



(3.10) 



(3.11) 



which relate t and v. (Notice that x(t) and A(u) should be monotonic functions.) The 
conditions Q3.10 ) in ( |3.lD yield then generalized Schrodinger equations for \s)\ and |s)2 
when combined with (3.11). They are in general rather involved and therefore difficult to 
express in terms of the original theory. However, if x(t) and A(y) are chosen to be linear 
functions in their arguments, i.e. 



A(v) = a(v-v ), x (t) = f3(t - t ) 



(3.12) 



where a,(3,vo,to are real constants satisfying a 7^ 0, (3 7^ 0, and if ifioi, ip02 are chosen to 
be conserved, 



fofoi , + H ] = 0, [^02, vr + H ] = 0, 



(3.13) 
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then it is straight-forward to show that ( |3,10| ) implies 

(vr - i(A')- 1 ^ + #o)|s)i 

(7T + Z7T„X + H )\s) 2 = 



(3.14) 



which when combined with ( |3.11| ) reduce to the ordinary Schrodinger equations. Notice 
that ( 3,13j ) implies 



[vr + H , [Qo, ^01(02)]] = 



(3.15) 



which is the natural generalization o f (|1.4j ) . The time evolution seems to be effectively 
that of ( 3.14 ) even if only and (|37l5D are required, since the modifications in ( |3.14| ) 

will only affect the ghost part of \s) in such a way that they will not contribute to the 
inner products. The condition ( 3.15|) also allows e^ '^ ' to be factored out from e^'^L 
Since the gauge fixing conditions must satisfy Dirac's consistency conditions the original 
gauge fixing fermions should be conserved in some weak sense. Whether or not fl3.15|) is 
the weakest possible conditions remains to determine. 

The above reduction to Schrodinger equations may be made clearer if we turn to the 
wave function representations of | s) i ; 2 ■ Inserting ( |3.8| ) into ( |3.1[ ) using ( 3.13j ) we have 
formally 

9i(t,v,V,P,u) = (t,v,V,P,uj\s)i = 
^ 2 (t,v,C,C,u) = (t,v,C,C,u\s) 2 = 

= e- idtx(t)Cc 5{A - id v A X )e lQo ^ 02] Mt,Lo) (3.16) 

where a; is a collective coordinate for q l ,v a ,C a , C a which are the variables of the original 
BRST theory. In ( gig ) we have used the fact that the wave function representation of 
\4>)i2 may be written as 



{t,v,P,V,u\<l>h=8(x(t))<h.(<»>) 



(t,v,C,C,u\ 



8{k(v))cj> 2 (t,u) (3.17) 



where (j>i(u>) and 4> 2 (t,u}) satisfy the conditions ( p^ ) and ( |3.4D respectively. Eq.( 3.17 ) are 
explicit solutions of (|3.3|) and fl3.5|) except for the last condition in ( |3.5[) which requires 
4> 2 (t,u)) to satisfy the Schrodinger equation idtfo = Ho4>2- 

For the natural gauge choice (|3.12 ) the wave functions in (|3.16j ) become 
v, V, V, u) = e~ iapv 5(t -t - ia(v - v )) *i(t, w) 



* 2 (jt,v,C,C,u) = e-W c 8(P{t - t ) + i(v - «o))* 2 (t,w) 



(3.18) 



where both u) and $> 2 (t, satisfy the Schrodinger equation (notice that e^ '^ 01 ' 
and e^ ' - ^ 02 ] are conserved) 



id t $i, 2 (t,u) = Ho<S>i, 2 (t, u) 



(3.19) 



<&i 2 (t,u) may be identified with the time dependent BRST singlets of the original BRST 
theory. 



So far the expressions ( 3.18j ) for the singlets are only formal. One should notice that 
q l , t, v, C, C, V, V, u> in the wave functions (gig ) and ( gig) are the eigenvalues of the corre- 
sponding hermitian operators. The question that remains to answer is which eigenvalues 
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are real and which are imaginary. In []12[ we gave a general rule which says that the 
existence of solutions of the form ( p.9[ ) requires bosonic unphysical (gauge) variables and 
corresponding Lagrange multipliers to be quantized in an opposite manner. This implies 
that in (3.16) and ( [3.18 ) t and v must be quantized with real and imaginary eigenvalues 
respectively, or vice versa. This follows also since the argument of the delta functions in 
( [3. 16 ) and ( 3.18] ) must be real. The most natural choice is to let t have real eigenvalues 
and to let v be quantized with imaginary eigenvalues iu, u real, v in e.g. ( |3~l~8l) must then 
be replaced by iu after which ( 3.18| ) become true solutions if vq = 0. By means of the 
properties 



v\iu) = iu\iu), ( — iu\ = (\iu))^ 
(iu'\iu) = 8[v! — u), / du\ — iu)( — iu\ 



du\iu){iu\ 



(3.20) 



of indefinite metric states, the solutions ( 3.18 ) become 



*l(t, iu, V,V,uj) = e~ iapv 5(t -t + cm) $i (t, u) 
V 2 (t,iu,C,C,u) =e- il3Cc 5(P(t-t ) - u) * 2 (t,w) 

and we find 

= J dudtdudVdP^* l (t,-iu,V,P,uj*)^ 1 (t,iu,V,P,uj) = 
= J dwdtdudVdVe- 2iaVp 5(t -t - au)5(t -t + au) $l(t,u*) 
= J dw*5:(to,w*)*i(io,c«;) > 



(3.21) 



(3.22) 



s|s)2 = / dudtdudCdC ^(t: —iu,C,C,uj)^2(t,iu,C,C,uj) = 

dtodtdudCdCe~ 2 ^ cC 5(/3{t - t ) + u)5{f3(t - to) - u) <f»t(t,u*) $ 2 (t, u) = 
dLU<S>* 2 (t ,u*)<S> 2 (to,uj) > (3.23) 



This is the expected result since the choice x(i) = f3(t — to) in ( |3.3| ) and in ip 2 in ( |3.6| ) 
should be interpreted as a gauge choice in which we fix t to be to- The right-hand sides can 
of course be further reduced so that all imaginary bosonic coordinates in uj are eliminated 
and we end up with a regular theory with square integrable wave functions 

The two different gauge fixing x(i) = fit and x(t) = fi(t — to) should be connected by 
a gauge transformation 

|Mo) = M> + Q|x) (3.24) 

where \x) is restricted by the condition that both \s, to) and \s, 0) are inner product states. 
In fact, we have 

| Sj to) =e -*(T+.ffo)to| S)0 ) (3>25) 



which agrees with fl3.24|) since ir + Hq = [Q,V]. Thus, 

(s,t \s,to) = (s,0\s,0) (3.26) 
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From (3.22) and (|3,23|) this requires in turn the time evolution of the original BRST 



invariant theory to be unitary. Thus, the different gauge choices are connected by a 



unitary gauge transformation exactly as far as the Schrodinger equation ( 3.19f ) allows us 
to connect all time instances in a unitary fashion. Another consequence of Q3.24 ) and 
fl3~25l) is that 

(s, t \s, 0) = (s, t \s, t ) = (s, 0\s, 0) (3.27) 
An explicit calculation using fl3~22|) yields also 

(a, to|«, 0) = J duj<S>*{t /2,uj*)<S>{t /2,uj) (3.28) 

in agreement with ( |3.27 ) since ( |3.26| ) is valid for arbitrary to- 



From the general quantization rule |12|] we could also choose time t to have imaginary 
eigenvalues and v real ones. However, the requirement that the argument of the delta 
functions in ( |3.21 ) must be possible to be chosen real requires now to = 0. (to cannot be 



chosen imaginary since x(t) must be hermitian.) The corresponding gauge fixing is then 



effected by the hermitian choice x(t) = (5t and K{v) = a(v — vq). The solutions in ( 3.21 ) 
become here 

v, P,V,u) = e- iapv 5{u - a(v - v )) *i(iu, u) 
^ 2 (iu, v, C, C, uj) = e- ipcc 5{f3u + v - v ) <f> 2 {iu, w) (3.29) 

where $>i2(iu, oS) satisfy the Schrodinger equation with imaginary time (t = iu) 

(a B -Ho(*«))*i ) 2(i«,w) = (3.30) 

In this case we find 

{s,v \s,v )= f dLU<f>l t2 (0,u*)<f> 1)2 {0,u;) > (3.31) 

which is independent of vq. Notice that the gauge fixing A(v) = a(v — Vq) does not fix 
time to an imaginary value which the delta functions in (|3.29| ) could suggest. Instead, 
time is fixed to zero in consistency with the gauge choice x(t) = 0t. 



4 Path integral formulations 

The representation (IT) of BRST singlets, i.e. |s) = e^'^\<p), constitutes a missing link 



between operator and path integral quantization of general gauge theories. The quantiza- 
tion rules in [12 1 may easily be understood when the inner products of ( |l.l|) is written as 



path integrals M . The inner products of the extended singlets (pj) are of the form 



(s'\s) 



/|e^'%)= [ dR'dR<p'*(R'*)<j)(R)(R'\e^ Q ^ ] \R*) (4.1) 



where R and R' represent all the involved coordinates (some may have imaginary eigen- 
values). 7 is a real constant. Since this expression is independent of the value of 7 as long 
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where 



as 7 ^ 0, we may make the identification 7 = r — r'. This allows us to interpret the inner 
product ( p~l| ) as the transition amplitude 

(s,t'\s,t) = J dR'dR<P'*(R'*)(J)(R){R',T'\R*,T) (4.2) 

(R',t'\R*,t) = (R'\e^- T '^ Q ^\R*) = J DRDPjfr^x-^y) (4.3) 

where P are conjugate momenta to R. The last path integral formula is obtained through 
the time slice formula (see ||). The first equality in (|4.3|) requires [Q, ifj] to be interpreted 
as a conserved Hamiltonian, which is possible since [Q,ip] has no explicit r dependence. 
Notice that the conditions (|3T2])-( |3~5| ) act as boundary conditions in ( |4.2|). (Actually ( |4.2j ) 
is independent of the precise choice of the first conditions in ( |3.2| )- (|3.5| ) since they are 
gauge fixing conditions.) {Q,tp} represents the 'classical' counterpart (Weyl symbol) of 
(|3,S|), As shown in || {Q,ip} should be real provided all Lagrange multipliers as well 
as all the ghosts (or antighosts) are chosen to have imaginary eigenvalues. This is also 
true here for imaginary v if A(v) = av in agreement with the results of the previous 
section. Thus, ( |4.3| ) is a good path integral formula for r, t and C (C) real, and v, C (C) 
imaginary. For imaginary t we must choose an imaginary r since most terms in [Q, tp] 
have real eigenvalues when the Lagrange multipliers are chosen to be real as it must be 
H Here the exceptions are e.g. the terms a(v — vo)(ir + Hq) in [Q,tpi] and Tr v x(t) 
in [Q,ip2]. Consistency requires therefore real v with range of a half-axis (cf. [|l2j| ) . The 
explicit time dependence in the original BRST invariant theory should probably also be 
invariant under £—►—£. 

All the above path integrals may be reduced to the appropriate path integrals of the 
original BRST invariant theory (see Q) 

{s,t'\s,t)= f duj'duj4>'*(uj'*)^(uj){uj',t'\uj*,t) (4.4) 



where 4>(u>) only satisfies (3.2) or ( [3,4| ) and where 



u,t'\u*,t) = / DujDtTuj e 



r*' 



where u denotes all coordinates of the original BRST invariant theory and ir u their conju- 
gate momenta. This reduction may be performed by an integration over t, tt, v, tt v , C, V, 
C, V in (|4.3j) for all the above cases provided A(t>) and x(t) have the linear form (3.12). In 



particular one must choose A(v) = av or x(i) = f3t when v 01 1 are imaginary in agreement 
with the results of the previous section. 



5 Application to the regular case 

The above results are also valid when the original theory is an ordinary regular one. 
Consider a regular theory described by the phase space Lagrangian 

L (t)= Pi q i -H (5.1) 
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corresponding to an unconstrained Lagrangian. This is obviously a special case of (2.1 



This regular theory may be described by an extended singular phase space Lagrangian of 
the form (the corresponding reparametrization invariant theory) 

L{t) = v4 + vri - v(tt + H) (5.2) 

A BRST quantization of this singular model leads to the BFV-BRST charge operator 

Q = C(vr + H) + Ptt v (5.3) 

(All variables are hermitian.) The BRST singlets are 

\ s)l = e lQM\ <i))h i = h2 (5.4) 



where |<^)i,2 satisfy ( |3.3]) and ( |3.5[ ), and where the most natural choice for the gauge fixing 
fermions ^1,2 is (cf. ( |3.6|) ) 

^ = VK{v), ^2 = C X {t) (5.5) 

Eq.fl3.8|) reduces here to 

[Q,Vi] = A(u)(7r + H ) - iA'(v)VV 

[Q,ih]=ir v x(t)-ix(t)CC (5.6) 



Conditions ( p^q ) and ( pJjj ) imply now ( 3.11 ) which relates t and v, the generalized Schrodinger 
equations 

(tt - i(A') _1 7r„ + H + (My 1 K"PV)\s)i = 

(7r + *7r t ,x + fl' + xCC)|s)2 = (5.7) 

and the ghost conditions 

(C - iA'^)|a)i = (C + zA'P)|s)i = 

(r-ixC)\s) 2 = (V + ixC)\s) 2 = (5.8) 
For the linear choice ( |3.12| ) the equations for \s)\ reduces to 

(t + iav)\s)i = (C - iaPMs}! = (C + iaV)\s)i = (H + vr + -7r„)|s)i = (5.9) 

a 

and for |s)a we have the same equations for /3 = —1/a. Thus, for this choice we may set 
I s ) — = l s )2- The Schrodinger or wave function representation of \s) is 

9 8 (q,t,v,C,C) = (q,t,v,C,C\s) (5.10) 



where q represents the physical coordinates q % in (|5.1|) . The solutions of the equations 
( p^9| ) (i.e. ( |5.4| )) may then be written as 

V s {q,t,v,C,C) = e- iCC >5(- +*«)*(?, t) (5.11) 

a 

where <£>((/, t) satisfies the Schrodinger equation 

(t^-fl , s(t))*(g,t)=0 (5.12) 

where Hg(t) is the Schrodinger representation of the the Hamiltonian operator H(t). So 
far all equations are formal. To get the true equations we must consider the appropriate 
quantization rules. This proceeds exactly along the lines of section 3. 



9 



6 Conclusions 



In section 2 we have shown that the BFV-BRST charge and BFV Hamiltonian for a 
general gauge theory, in which the constraints and Hamiltonian also may depend explicitly 
on time, are determined by the standard prescription of the BFV-BRST charge for the 
corresponding reparametrization invariant gauge theory which then has no explicit 'time' 
dependence. We have then investigated to what extent the extended BRST singlets may 
be interpreted as the time dependent BRST singlets of the original gauge theory. We have 
then found that this is possible at least for the sector of linear gauge choices for time and a 
corresponding Lagrange multiplier, and provided the gauge fixing fermions of the original 
theory is conserved in some weak sense. For these linear gauges the path integrals for the 
transition amplitudes of the extended models do also formally reduce to the appropriate 
transition amplitudes of the original theory. Any gauge choice for time within the linear 
sector yields equivalent results since there are no topological obstructions in this sector. 

The main message of the present communication is, thus, that the time evolution in 
BRST quantization for general gauge theories is determined by the BRST quantization 
of the corresponding reparametrization invariant theory provided time is fixed by a linear 
gauge choice. 
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